with ultra-violet light will often enable a patient to survive for years, in the face of visible recurrences, and even of bone metastases. Such dosage can act only through stimulatiDg the patient's powers of resistance. But if the treatment is potent against serious invasion, surely it can often turn the scale when the disease is latent, and the deposits small and inactive. It may be that we shall improve our results by the use of certain drugs, working out the appropriate X-ray dosage to use in combination with them. It has been shown experimentally that small systemic doses of copper or magnesium retard the appearance of tar cancer in mice. In the human subject fluorescein has, I have reason to think, a local effect in enhancing the therapeutic action of radiation on diseased mucous surfaces. There are some who assert that the injection of this drug into the circulation previous to ray treatment is of value in lung cancer. This claim should be examined.
Lastly, progress may possibly come from studying the indirect effects as mediated through the ductless glands.
With a view to encouraging discussion, I submit the following intentionally dogmatic conclusions:
(1) The limits of advance by single course methods which involve severe local and general reaction have been reached, or nearly reached.
(2) Radiation cures principally by stimulating local and general tissue resistance. To use a dosage so large that permanent damage is done to healthy parts surrounding a tumour is justifiable only in desperate cases.
(3) In the case of breast cancer, results can be improved only by continuous efforts to maintain the patient's resistance against possible metastasis. It is, therefore, particularly important that the initial dosage of radiation should not be of such intensity as to make response to further X-ray treatment impossible.
(4) We ought to face the fact that while further modification technique may improve results, X-ray therapy alone (and this The tissues surrounding the growth must only receive a certain dose, but the malignant cells may receive more. This certain dose varies with the type of radiation incident on the tumour, but bears a biological relation to the effect of a similar radiation on the skin. It corresponds, in tumours of average radiosensitiveness, to a dose that produces, after two or three weeks, a sharp erythema, just short of vesication. The radio-sensitiveness of different growths varies, however, so that some require less than the dose mentioned and others more. In the latter case the growth is not curable by radiations unless used as a destructive agent, and, as far as X-rays used without radium are concerned, this seems to be unsuccessful. Without going too deeply into the reasons, it is now agreed by the majority of radiologists that the alliance of the recuperative powers of the body with the depressant effect of the rays on the malignant process should be aimed at.
The rest of the body should receive as small an amount of radiations as possible. Time factor.--lf a dose is applied during the course of a few hours its biological effect is very different from that of the same dose spread over several days or weeks, whether applied continuously or in a number of doses at intervals. As regards the effect on the skin, if the dose is spread over a week, about 150% of the single dose can be given; over two weeks about 200%; over three weeks about 240%; over four weeks about 260% and over six weeks very little more. The biological effect APRIL-RAD. 2 * on the growth does not, however, quite correspond with that on the skin, as regards the time factor, and in some growths, at any rate, notably those whose-growth is very slow, increasing the time factor, provided that the dose. is correspondingly increased, is an advantage. The optimum time is not yet known, but for many growths better results have been obtained when the treatment is given in four or six weeks than in two or less.
As to the best division of the dose, whether the treatment should be continuous, twice a day, once a day, once every two days, etc., is also not definitely known, but five or six times a week has, in my hands, given good results. It is also possible that an interval in the middle of the course might give better results, but the dose would have to be suitably increased.
Area treated.-The whole area that is likely to be invaded must be treated, particular attention being paid to the possibility of lymphatic spread, though no palpable disease is present.
Homogeneous radiation.-Great care must be taken to get an even distribution of rays throughout this area by cross-fire, distance, filtration, and size of field. One must remember, however, that the deep-seated tumour never seems to receive so large an irradiation as one has calculated. This is evidenced by the biological effect.
The reason for it is probably the extra filtration of the tissues causing the deeper parts to receive a harder radiation and, as the hardness of the radiation is increased, so the biological effect becomes less for the same dose and therefore the dose has to be larger. Sometimes an inadequate dose may be increased by the addition of local radium applications.
Wave-length.-It is not possible to specify the optimum wave-length, as a large part of the spectrum has never yet been tried. What we are certain of is that increase of voltage and increase of filtration have, up to 200 kv. and 2 * 5 mm. of copper, always given us improved results. Further, when similar conditions can be obtained-as, for instance, in rodent ulcer-radium 'y-ravs seem to be more effective than X-rays.
Dose.-With 200 kv. continuous current and a filter equivalent to 1.5 mm. of Cu, the tumour must receive the biological equivalent of 1,200 roentgens (r) given in one dose. Spread over four weeks this therefore becomes 3,120 r. This is when it is superficial. If it is deep more must be given, as already explained. In the case of lympho-sarcoma and a few other rapidly-growing tumours, less may be given, sometimes much less. The importance of this is that owing to their rapid dissemination a very large area must usually be treated.
X-rays combined with radium.-(1) Used on the surface, it has been claimed by workers in the Memorial Hospital, New York, that a larger equivalent dose can be given than with each agent used separately. About 65% of an erythema dose of each agent can be given to get the same erythema, a 30% greater dose of the combined radiations than when either is used separately. I have not had much opportunity of testing this, but, using the full erythema dose which we employ at St. Bartholomew's Hospital, I should be wary about trying so full a dose unless worked up to gradually.
(2) X-rays have, in relatively small doses, been used to supplement interstitial radium, dosage being given usually just before the radium has been buried, or after the Ra. needles have been removed. The radium dose should not be much reduced, as the effect of the X-rays is probably to increase the radiation in the spaces between the zones of full irradiation to the amount necessary.
(3) X-rays have been used in full doses either before radium treatment or after. In this case there must be an interval between the two treatments, and I do not think it matters very much which comes first. I have had particularly good results with this method in carcinoma of the cervix, two or three months usually intervening between the treatments.
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Factors affecting dosage.-(1) Sepsis: It has been quite definitely shown that, where sepsis is present, the growth is less sensitive to radiations, so that every effort must be made to minimize this before the treatment starts. In many throat cases treatment has failed because the teeth were not properly attended to.
(2) State of patient: If the patient is in a poor condition he will not respond so well to the radiations. In addition, the treatment is a severe strain, and patients always lose weight during it, so that, if the original state of health is bad, the result may be disastrous.
(3) Stage of disease: In rnearly every tumour there comes a stage when the growth becomes insensitive to radiations, and this appears to occur whether the patient has been treated by X-rays or not.
(4) Previous treatment: I absolutely disbelieve in the statement which one so frequently sees that one full dose of radiations immunizes the growth against the future action of rays. It is true that a second dose very often has less effect than the first, because of the later stage of the disease and the diminished resistance of the patient, and also because the condition of the skin and subcutaneous tissues often forces one to give a smaller dose. Yet we have patients who have lived many years after a second treatment, and who would not have survived had they not had it.
The time between a full dose and a second treatment must usually be from four to six months at least, and will depend on the condition of the skin and mucous membrane. The second dose will also depend on this, as nearly a full dose as possible must be given.
In some cases one must not refuse a patient the benefit of three, four, or more treatments.
Future of X-ray therapy in malignant disease.-The most important thing at present is to investigate the value of shorter wave-lengths than have so far been used, and this in full doses applied as localized treatments. There are few practitioners in this country who are giving full enough doses of X-rays in malignant disease, and this must be remedied. It needs courage to half kill your patient in order to cure him. Dr. A. Burrows said that testing radium needles had suggested to him that the ordinary method of distributing the radium in these might be wrong and that a greater intensity at each end might give a better distribution of energy.
Individual nodules of cancer disappeared even if whole tumours did not, showing that there was a bodily mechanism of resistance. As Professor Welsh had suggested, it might be a nice point as to how far, when destroying the supporting tissues of a tumour, on the one hand the tumour cells were being killed, and on the other the natural resistance was being impaired.
A unified biological and physical unit was an impossibility. In consequence, in accurate work he favoured a physical unit. In any case a biological unit was bound, in time, to become a conventional thing which could be expressed then in physical units.
In future, mathematical accuracy in work was essential. The agents used to-day were certainly more refined, but the problem of how to prevent or destroy metastases was as yet unsolved, and no efforts were at present being made to tackle this vital question. The radiation of neighbouring groups of lymph-glands-such as those in the neck and axilla, in cases of breast carcinomacould not influence deposits of secondary growth in the liver. In his (the speaker's) twenty years' experience of malignant disease he had found it rare for the primary growth to destroy the host; metastases of the liver, mediastinum, and spine had accounted for the death of the majority of patients. It Professor F. L. Hopwood agreed with Mr. Mayneord that the ionization method of measuring X-rays primarily measured the energy absorbed in the ionization chamber, but since for a given quality of radiation and a given chamber the amount of energy absorbed was proportional to the incident energy in this case, the distinCtion between incident and absorbed energy need not be stressed. In the case of a tumour, however, until it had been shown that the absorption of X-rays in tissue was proportional to its absorption in a given ionization chamber, measurements made with the latter only gave information of the amount of radiation incident on the tumour and not the " dose " absorbed.
He had found the auto-radiogram method of testing the distribution of radium in needles very satisfactory, provided all needles giving apparent evidence of bad filling were retested before condemnation. It occasionally happened that the abnormal variation in density of the negative was due to a slight cockle in the film or its wrapper, and the repeat test corrected this. There was still doubt as to whether equal amounts of radiant energy of different wave-lengths produced the same biological effects. In the case of a tumour treated by "buried" radium needles, owing to the Compton effect, the quality of the radiation was certainly different from that incident on the same tumour using external radium having the same primary filtration. The dosage in the two cases also appeared to be different.
Reference had been made to the possibility of sensitizing malignant growths to the action of X-rays, by previous painting with fluorescein. He urged that in view of the persistent failure to achieve this result by the introduction of heavy metals, attention shoald be directed to the converse problem of attempting to desensitize normal tissue to the effects of radiation in order to increase the difference in vulnerability between normal and malignant tissue. The experiments of Dognon on the effect of traces of sodium hyposulphite on the response of some forms of protozoa to X-rays gave a hint that this might be accomplished.
Dr. Claude Gouldesborough said that in his opinion the majority of radiologists were working at the wrong end of the wave-length and the tendency was to work even further in this direction. Dr. S. Moncktou Copeman had first brought to his (the speaker's) notice the use of " activated fluorescein " in a case of carcinoma of the male breast, one half of which had been painted with a 2% solution of alkaline sodium fluorescein; the whole tumour had then been irradiated with a dosage of X-rays of moderate penetration (115 kilovolts), with the result that only the painted half responded, and that to a remarkable degree. Professor Lindemann (Professor of Experimental Philosophy at Oxford) had told him that he had been waiting for years for such a method, but expressed surprise that the salt used had had this marked effect on account of the low value of sodium and suggested that potassium and other salts having a higher molecular value should be tried. He, Dr. Gouldesborough, tried potassium fluorescein, but failed to obtain any satisfaction. Professor Lindemann's theory as to the possible action which had taken place was that the fluorescein, having impregnated the tissues and all the tissue cells, was completely inactive until excited or " activated" by the X-rays, when it was induced to throw out a secondary ray, having a photo-chemical action on malignant cells. This ray was probably in that small unknown band about the 500 mark near the ultra-violet line. In this region the rays were of such low penetrative power that they were completely broken up and dissipated by even the minutest layer of air, so that at the present time it was impossible to investigate them. Professor Lindemann, however, did not consider these difficulties to be insuperable, if proper research work could be undertaken. Up to the present, unfortunately, no funds had been available for this purpose or for investigating thoroughly other salts of the fluorescein series. Dr. Copeman and himself (the speaker) were fully aware that the technique was imperfect, but hoped that the work accomplished during the last four years would lead to a great improvement in the future.
Dr. J. E. A. Lynham said that after a good deal of study in the treatment of cases both by radium and by X-rays he had found that one could be sure of obtaining results in certain conditions. Thus, the enlarged spleen found in several diseases could be reduced by doses which appeared to depeDd on the mass. Enlarged glands of lymphadenoma and even non-caseating tuberculous glands could be caused to disappear. Several non-malignant tumours, such as fibroma or desmoid, could be made to shrink. He had also succeeded in a series of cases of endothelioma in bringing about the disappearance of the tumour by a pre-arranged course of irradiation. In malignant disease, however, the effect of treatment was less certain, for the response of the tumours appeared to vary, and there was always the possibility of recurrence at a distance. They were much indebted to the physicists for their assistance in obtaining a precision of dosage which was impossible a few years ago. They had been particularly helpful in evolving the rationale of giving a full dose to a deep-seated tumour without causing damage to overlying tissues. Intensive treatment was often necessary to produce the destruction of a malignant growth, but the greatest care should be taken to avoid permanent damage to normal tissues.
When a growth was definitely radio-sensitive it would sometimes respond to radiations of different kinds. Treatment should be kept up after the primary growth had disappeared. Generalized doses of weak intensity, given over large areas of the body, appeared to lessen the number of "takes"' in implantation experiments in animals, and might reasonably be expected to reduce the tendency to recurrence. time and intensity. The quickest treatment for malignant disease he knew of was the trial of a curie, in a glass sphere about 0 5 cm. in size, applied at the end of a long rod to a small rodent ulcer for one minute. This had been done in Baltimore. The very shortest treatments he knew of were those of several seconds, a fiftieth of an erythema dose, for sensitive skin conditions, tried in Vienna. These approached " flash " treatments, which might some day be attempted, as "flash" radiography had been tried-but yvould be hardly as useful! He had been trying the effect of small treatments in cases of malignant disease, as work by Murphy at the Rockefeller Institute, and by Russ at the Middlesex Hospital, had shown that there was an increased lymphocyte count in animals which had been exposed to small doses of X-rays, and that their immunity to tumour implants had been raised. He (the speaker) had tested this in an advanced case of recurrent breast cancer. He had treated the patient for a supraclavicular recurrence, and had used half a gramme of radium with local success; but there had been further extension of the disease backwards towards the scapula, and infraclavicularly, and there were multiple skin nodules in these areas. Local X-ray treatments were first given for six months and the nodules became flattened; but six months later there were signs of invasion of the opposite breast, and a fresh wider appearance of skin nodules. For this extensive disease the effect of fiveminute daily doses, each 15% E.D., was tried, to eight large areas covering the whole trunk. The patient had three courses in all, of this type. A month after the treatment began she " felt much better," and many of the nodules had almost disappeared. Three months after the treatment began, the white count was 9,000, but there was increase of nodules in the scapular region, a.nd the skin was indurated there. Four months later the patient died with chest invasion. The result was inconclusive with such an advanced case, but the general effect appeared to be good; the patient had looked and felt much better.
For large doses in malignant diseases there were many variations in technique, from the one full dose on one day, or divided into several successive days, for X-rays, or for radium, such as the half a gramme of radium (gamma) at 6 cm. distance for twenty-five hours (five or six hours daily), which he had given successfully in some breast cancer cases, to the modifications of Pfahler's " saturation" method, or to Holfelder's and Coutard's X-ray methods of dividing the full dose over three or more weeks. He (Dr. Webster) had himself devised a method after hearing Spear's interesting paper on the radiation of tissue cultures at the Paris Congress. Spear had sbown how the irradiation with radium for 2i minutes, at intervals of 80 minutes, for 1 hour in all, had a lethal effect similar to that of a continued irradiation for 4i hiours.
He had tried in a patient with rapidly growing metastases in the neck from tongue cancer the effect of a very divided dose scheme: four irradiations on the first and on the second day, three on the third and fourth days, two on the fifth and sixth, and one on the seventh and eighth, with " saturation " doses on the ninth, and again on the tenth day; the filter was 1 mm. Zn; distance 40 cm. The result had been good so far, and had been followed by shrinkage of the metastatic nodes. These variations as regards the time factor were very interesting. With regard to the intensity factor, Dr. W. M. Levitt referred in his book to the improvement observed with high intensities-as against low intensities-of radiation in cases of breast cancer. He, the speaker, questioned whether Dr. Levitt's observations were soundly based; he himself had observed little or nothing to support such a conclusion. But should Dr. Levitt's judgment on this point be confirmed by future research, it would indicate the advisability of work being done in this country with the 30 ma. deep-therapy type of tube; he believed there was no such tube working in England at present.
